Preterm birth (PTB) occurs among 1:11 U.S. white women and 1:7.5 African American women and is a significant driver of racial disparities in infant mortality. Maternal stress is the most common clinical phenotype underlying spontaneous PTB. Specific patterns of stress and biological mediators driving PTB remain unclear. We examined the effect of childhood stress on birth timing among African American women and evaluated maternal cortisol elevation as a biological mediator. A prospective observational design was employed, with a single study visit at 28-32 weeks gestation and medical record review. The Stress and Adversity Inventory was administered, which provides a comprehensive estimate of childhood stress, stress in adulthood, and five core characteristic subscales (interpersonal loss, physical danger, humiliation, entrapment, role disruption). Venipuncture was performed between 11:00am and 4:00pm and plasma cortisol quantified by ELISA. Analyses controlled for stress in adulthood. Among a final sample of 89, cumulative childhood stress predicted birth timing (p = 0.01). The association was driven by stress related to interpersonal loss and physical danger, with support for maternal cortisol as a biological mediator (ab = 0.02, 95% CI [0.001, 0.045]; ab = 0.02, 95% CI [0.001, 0.043], respectively). Results were similar, overall, in sub-group analyses among spontaneously laboring women (n = 53); however, role disruption arose as an additional predictor, as mediated by cortisol elevations (ab = 0.03, 95% CI [0.005, 0.074]). Of note, cortisol was no longer supported as a mediator linking physical danger to birth timing after adjusting for sleep quality and hours awake prior to venipuncture (ab = 0.02, 95% CI [−0.0001, 0.046]). We provide preliminary evidence that, independent of stress in adulthood, childhood stress of specific core characteristics may shape birth timing, with cortisol elevation as a biological mediator. Further investigation is warranted and may bolster the development of biologically-informed screening tools for the prediction and targeted prevention of stress-related PTB.
Introduction
Preterm birth (PTB) is a unique condition in that its diagnosis is based entirely on the unexpected timing of an expected event (i.e., birth before 37 weeks of pregnancy). The syndrome is quite common, with 1 in 11 United States (U.S.) white women and 1 in 7.5 African American women giving birth preterm (Martin et al., 2017) . Racial disparities in birth timing are also the most significant driver of racial disparities in infant mortality (MacDorman and Mathews, 2011) . Of African Americans born before 37 weeks, 5% die in the first year of life (Matthews et al., 2015) . When birth occurs before 34 weeks, the African American strain, perceived stress, symptoms of depression or anxiety, maladaptive coping behaviors) was present during the current pregnancy among 56.6% of women giving birth before 34 weeks (Manuck et al., 2015) . Findings highlight the importance of identifying risk for and combatting stress-related PTB.
At present, clinical approaches to stress-related PTB prevention focus entirely on alleviating stress and distress proximal to pregnancy (American College of Obstetricians and Gynecologists, 2010; Moyer and U.S. Preventive Services Task Force, 2013) . There is growing evidence that childhood stress also increases risk for health conditions in adulthood (Murphy et al., 2017; Nusslock and Miller, 2016) , including complications of pregnancy such as PTB (Blackmore et al., 2016; Christiaens et al., 2015; Hillis et al., 2004; Smith et al., 2016) . What remains unclear is whether childhood stress exerts independent effects on the health of the pregnancy or if stress in adulthood, a noted correlate of childhood stress (Kingston et al., 2012) , drives stress-related PTB. Cumulative estimates of childhood stress also often include stress associated with particularly traumatic events (e.g., death or imprisonment of a parent, physical or sexual abuse), including in the aforementioned PTB studies. A more complete picture of the effects of various forms of commonly experienced childhood stress (i.e., loss, danger, humiliation, entrapment, role disruption) on birth timing would also be informative.
Mechanisms underlying the effects of stress on birth timing also require further attention. Per the ecobiodevelopmental framework, robust, repeated, or extended activation of stress systems in childhood lead to lasting neurobiological changes, with both chronic activation of stress systems and exaggerated responsivity to adult stressors implicated in adult disease (Shonkoff et al., 2012) . In pregnancy, a popular theory proposed to explain stress-related PTB is that of the accelerated "placental clock," which posits that stress-induced hypothalamic-pituitary-adrenal (HPA) activation hastens the expected pregnancy-associated rise in maternal cortisol, upregulating placental corticotropin-releasing hormone (CRH) production via feed-forward mechanisms (Sandman et al., 2006) . This pathway has been of greatest interest in development of spontaneous PTB, as CRH is known to promote labor, including through immunomodulatory effects on myometrial contractility and fetal membrane integrity (e.g., Li and Challis, 2005; You et al., 2014) . HPA hyperactivity may also underlie overall risk for PTB, as some studies have identified a potential role in placental pathology (e.g., in preeclampsia; Harville et al., 2008; Petsas et al., 2012) , which increases risk for medically-indicated PTB.
As such, childhood stress and stress in adulthood may contribute to PTB via HPA activation. However, there has been considerable variability in methods employed to test this pathway. To our knowledge, only three studies have examined the effect of childhood stress on prenatal HPA activity, with a potential role of lasting biological effects supported (n = 295; Moog et al., 2016) and contested (n = 123; Noll et al., 2007 ; n = 58; Karakash et al., 2016) . Stress in adulthood was not accounted for in these studies. Of studies assessing effects of stress in adulthood on HPA activity and birth timing, formal, prospective testing of biological mediation is rare (Hoffman et al., 2016; Mancuso et al., 2004) . As such, it is not surprising that some (Guendelman et al., 2008; Hobel et al., 1999; Hoffman et al., 2016; Mancuso et al., 2004; Moog et al., 2016) , but not all (Himes and Simhan, 2011; Karakash et al., 2016; Kramer et al., 2009; Kramer et al., 2013; Noll et al., 2007; Owen et al., 2017) , studies provide support for the "placental clock" theory. The two studies formally testing mediation are in favor of the proposed pathway.
Also, as noted, advanced understanding of PTB is of particular interest among African American women, a population at increased risk for PTB (Martin et al., 2017) . Of additional importance is the fact that African American women are significantly more likely to show evidence of maternal stress in the context of PTB as well as pregnancy associated maternal cortisol patterns that differ significantly from white women (Christian et al., 2016; Glynn et al., 2007) . As such, it is critical that Psychoneuroendocrinology 84 (2017) [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] studies assessing biological pathways to expedited birth be powered to examine effects among African American women.
The current study sought to address these critical gaps in knowledge by examining, among African American women, the effect of childhood stress on birth timing, independent of adult stressor exposure, and determining whether childhood stress involving specific core characteristics (i.e., interpersonal loss, physical danger, humiliation, entrapment, or role disruption) were of particular importance. To test the theory of the stress hormone-driven accelerated "placental clock", we also examined the mediational role of maternal cortisol elevation during pregnancy in the relationship between childhood stress and birth timing. First, we examined the overall effect of childhood stress on birth timing among the full sample. We then focused on women giving spontaneously-initiated birth, a sub-group of primary interest for this work and enriched through enrollment criteria. We hypothesized that, controlling for stress in adulthood, greater childhood stress would be associated with earlier birth as mediated by maternal cortisol elevations. We anticipated that interpersonal loss and physical danger subscales would play an important role based on prior literature and that associations would present in the full cohort and spontaneous labor subgroup.
Methods

Participants
The Pathways to shortened gestation among African American women (PATH) study was conducted among a convenience sample of 96 pregnant women with the primary aims of examining genetic and stress-related biological pathways to early birth via immune dysregulation among African American women (for results regarding the geneimmune pathway, see Gillespie et al., 2017) . The potential role of HPA hyperactivity was also examined in secondary analyses. Women were recruited from two hospital-based obstetrics and gynecology clinics as well as the surrounding community of Columbus, Ohio. Eligible participants were African American, non-Hispanic, born and raised in the U.S., and adults (i.e., aged 18-34 at the time of conception for the current pregnancy). Eligible participants were also required to have completed both dating and anatomy ultrasounds lacking diagnosis of fetal anomaly, intrauterine grown restriction, incompetent cervix, oligohydramnios, or polyhydramnios. Women were excluded if they reported height and pre-pregnancy weight that placed them in the underweight (< 18.5) or obese class III (> 40) range according to the standard of body mass index (BMI; kg/m 2 ; World Health Organization, 2000). Additional exclusion criteria included diagnosis of gestational diabetes mellitus, gestational hypertension, or preeclampsia or supplementation with progesterone or cervical cerclage placement prior to enrollment. Report of a chronic condition (e.g., human immunodeficiency virus, diabetes mellitus, disordered sleep) or regular use of a medication (e.g., corticosteroids) with immune or endocrine implications as well as tobacco, alcohol, or illicit drug use after the first trimester were also grounds for exclusion. Enrollment criteria were chosen to maximize the number of participants initiating the birth process through spontaneous labor or rupture, the primary outcome of interest. Seven enrolled participants were excluded from analyses for the following reasons: venipuncture outside of study visit window (n = 1), unsuccessful venipuncture (n = 2), tobacco use after the first trimester (n = 1), loss to follow-up (n = 1), and outlying maternal cortisol value > 3 SD above the mean (n = 2). Therefore, hypotheses were tested among a final sample of 89 women.
Procedure
The PATH study employed a prospective observational design. A single study visit was completed at 28 weeks 0 days-32 weeks 6 days gestation. In addition to demographic and clinical interviews, stress experiences over the life course were assessed. Antecubital venipuncture was performed. Participants were followed prospectively and birth outcomes determined through a comprehensive post-birth medical record review. The study protocol was approved by the Institutional Review Boards of The Ohio State University (Biomedical; #2013H0022) and OhioHealth (#OH1-13-00478). Informed consent and HIPAA authorizations were obtained from all study participants prior to completion of the study visit.
Stress assessment
The Stress and Adversity Inventory (STRAIN) was administered by interview to assess exposure to 96 acute and chronic stressors over the life course. Timing, duration, frequency, and severity (on a scale of 1-5, with 5 representing the greatest severity) of each endorsed stressor exposure is also measured. Information gained using this method allows for calculation of various cumulative stress scores by adding severity ratings of stressors endorsed, including total stress, acute stress, chronic stress, childhood stress (before age 18) as well as stress in adulthood (> age 18). Given the gaps in the literature presented above, current analyses focused on childhood stress, controlling for stress in adulthood.
Subscale scores can also be calculated across five core characteristics by adding the severity ratings for stressors endorsed within each category. These characteristics include interpersonal loss (e.g., maternal death, parental separation, suicide attempt of loved one, perceived social isolation), physical danger (e.g., physical abuse, sexual abuse, unsafe neighborhood, hospitalization), humiliation (e.g., harsh parental discipline, bullying, workplace exclusion or discrimination, unfaithful partner), entrapment (e.g., parental relationship problems, overcrowded living conditions, job with overwhelming demands, chronic caregiving), and role disruption (e.g., maternal mental illness, unstable living situation, abuse of loved one, infertility).
Development of the STRAIN was guided by well-validated, goldstandard life stress interview systems, including the Life Events and Difficulties Schedule (LEDS; Brown and Harris, 1978) . While the LEDS requires extensive staff training, 1-2 h per subject for administration, and 1-2 h to produce expert panel contextual ratings, including loss, danger, humiliation, entrapment, and role conflict ratings (Brown et al., 1987; Brown et al., 1995) , the STRAIN uses an online system with extensive intelligent logic to produce comprehensive estimates of life stress and automated ratings in 18-30 min. In prior work, STRAIN indices correlated positively with negative affect, correlated negatively with forgiveness, and were linked to greater fatigue (in agreement with prediction per childhood neglect [Childhood Trauma Questionnaire]), greater metabolic risk (in agreement with prediction per pessimism [Life Orientation Test-Revised]), more mental health symptoms, and more physical health symptoms (Bower et al., 2014; Dooley et al., 2017; Kurtzman et al., 2012; Shields et al., 2017; Toussaint et al., 2016) .
Maternal cortisol measurement
To minimize external, diurnal, and awakening effects on plasma cortisol values while also integrating sample collection into typical patterns of prenatal care, participants were asked to refrain from vigorous exercise or caffeine use prior to the study visit and venipuncture was standardized to occur between the hours of 11:00am and 4:00pm and at least 2.5 h removed from awakening (Bessinger et al., 2002; Miller et al., 2016; Tsubouchi et al., 2006) . Mean time of venipuncture was 1:03pm (SD 1 h 32 min), with women awake for an average 5 h 45 min prior to venipuncture (SD 1 h 54 min).
Following collection, heparinized whole blood was stored on ice until centrifuged at 3000 RPMI for 10 min at 15 °C. Plasma was aspirated and stored at −80 °C. In batches, plasma underwent a single thaw for all participants and total cortisol was quantified in duplicate by solid phase competitive enzyme-linked immunosorbent assay (Calbiotech, Psychoneuroendocrinology 84 (2017) [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] Spring Valley, CA) and spectrophotometry (BioTek PowerWave Microplate Spectrophotometer, Winooski, VT) per manufacturer instructions. Briefly, plasma of unknown cortisol concentration and cortisol enzyme conjugate were added to anti-cortisol monoclonal antibody-coated wells and mixed thoroughly. Following a 60 min incubation at room temperature, each well was washed three times with 1X wash buffer and TMB substrate was added. Following an additional 15 min incubation at room temperature, stop solution was added and absorbance read at 450 nm within 20 min. Intra-and interassay coefficients of variation were 3.7% and 9.7%, respectively. The lower limit of detection was 23.3 ng/ml. The distribution of plasma cortisol level for the final sample met normality assumptions by visualization and D'Agostino K 2 testing (χ 2 = 3.16, p = 0.21). No transformations were required to meet modeling assumptions.
Determination of birth timing
Birth timing was operationalized as a days gestation at birth continuous variable and calculated according to obstetric estimate of date of delivery and actual date of delivery extracted from the prenatal and labor and delivery records. In order to minimize the potential for error in estimation of birth timing, eligible participants were required to report a dating ultrasound at < 15 weeks gestation, at which time crown-rump length or composite fetal biometric measurements are expected to predict estimated date of delivery within 7 days (American College of Obstetricians and Gynecologists, 2014) . A dating ultrasound could be confirmed in 94.4% of the prenatal records secured for enrolled participants, with an average gestational age at dating ultrasound of 10 weeks 0 days (SD 3 weeks 1 day). Births were also classified as occurring following spontaneous labor, spontaneous rupture of membranes, induction of labor, or non-laboring cesarean section. This information was extracted from a detailed review of the labor and delivery record.
Measurement of potential confounders
During the study visit, participants completed demographic and clinical interviews. Height was measured and, in combination with selfreported pre-pregnancy weight, used to calculate pre-pregnancy BMI (World Health Organization, 2000) . Sleep quality over the past month was assessed using the Pittsburgh Sleep Quality Index (PSQI), with a range of 0-21 and higher scores indicating poorer sleep quality (Buysse et al., 1989) . The PSQI is validated for use among pregnant women of varying socioeconomic statuses (Skouteris et al., 2009) . Awakening times, draw times, and gestational ages at draw were also recorded.
Statistical analyses
Data were examined visually and according to mean/standard deviation or count/frequency. First, unadjusted models were fit by applying the framework and process of Hayes (2013) , which addresses three questions by building three consecutive models (here, multivariate linear regression models). Specifically, is there an effect of a predictor on a criterion: 1) without consideration of a potential mediator (i.e., total effect), 2) controlling for a potential mediator (i.e., direct effect), and/or 3) through a potential mediator (i.e., indirect effect)? In the present analyses, the first model (Eq. (1)) tested the effect of childhood stress (X 1 ) on days gestation at birth (Y), controlling for stress in adulthood (X 2 ). The second model (Eq. (2)) tested the effect of childhood stress (X 1 ) on maternal cortisol level (M), controlling for stress in adulthood (X 2 ). The third model (Eq. (3)) tested the effect of maternal cortisol level (M) on days gestation at birth (Y), controlling for both childhood stress (X 1 ) and stress in adulthood (X 2 ).
Here, b 0 represents the intercept, c, a, c', b, and b 2 are the coefficients assigned to each predictor in the estimation of each respective outcome, and e i is the error in estimation of each respective outcome. The total effect is represented by c, the direct effect is represented by c', and the indirect effect is represented by the product of a and b (ab). Therefore, the hypotheses can be considered as follows for testing the total, direct, and indirect effects, respectively: H 0 : T c = 0, H 1 : T c ≠ 0; H 0 : T c' = 0, H 1 : T c' ≠ 0; and H 0 : T a T b = 0, H 1 : T a T b ≠ 0, where T is the true value of the estimate. For the indirect effect, statistical inference involves the construction of 10,000 bootstrap confidence intervals, bias-corrected and with replacement. A confidence interval lacking zero warrants rejection of the null hypothesis of no indirect effect.
To determine whether childhood stress of particular core characteristics plays a particularly strong role in the relationship among childhood stress and birth timing and assess the potential mediational role of maternal cortisol level within the characteristic-specific pathways, we also repeated the Hayes process with interpersonal loss-related, physical danger-related, humiliation-related, entrapment-related, and role disruption-related childhood stress subscale scores serving as predictors. Further, given our particular interest in births that occur following the spontaneous initiation of labor processes, we performed sub-group analyses, repeating the steps described above among women giving birth following spontaneous initiation of labor.
A significance level of α = 0.05 was used to evaluate all tests. STATA 12.0 (College Station, TX) was used for preliminary analyses and generation of figures. SPSS 22.0 (New York, NY) was used to apply the Hayes process. We performed post-estimation diagnostics to review assumption satisfaction for each model. As expected, days gestation at birth was significantly negatively skewed (χ 2 = 12.8, p < 0.01), resulting in non-normality and heteroskedasticity of error terms when birth timing served as the criterion variable. To correct this violation, days gestation at birth was reflected (i.e., −(days gestation at birth) + 288 + 1) and a square root transformation applied, with this transformed variable used in all analyses (termed √(reflected days gestation) in the remainder of the manuscript). Given our interest in the effects of childhood stress independent of stress in adulthood, cumulative stress in adulthood was included as an a priori covariate in all models. To address potential for confounding, we also performed a series of bivariate analyses using Spearman correlations, t-tests, and Kruskal-Wallis tests, as appropriate, to determine whether demographic (i.e., maternal age, education, employment status), clinical (i.e., parity, pre-pregnancy BMI, sleep quality), or behavioral (i.e., maternal tobacco use in early pregnancy) characteristics were associated with childhood stress, maternal cortisol level, or birth timing. Given diurnal and gestational effects on cortisol levels, hours awake prior to venipuncture and gestational age at venipuncture were also examined. An augmented backward elimination approach, which has been found to reduce bias in variable selection, was used to identify variables for the final adjusted models (Dunkler et al., 2014) . Briefly, childhood stress effects were modeled using equations 1-3 above and including all variables in the working set of potential confounders. Each potential confounder with a p value > 0.15, in descending order, was individually removed from the model and the change in estimate for associations of interest examined. A potential confounder producing a change > 15% was retained whereas a potential confounder producing a change < 15% was removed. This process was repeated until no potential confounders fit defined thresholds. In that three consecutive models are used for mediational analyses, a confounder identified for any of the three models was retained for adjustment in all models. 
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Results
Descriptive statistics
Participant characteristics are summarized in Table 1 . The sample was primarily of lower socioeconomic status. Of the 89 participants, the majority of women (73%) had not completed a bachelor's degree and 6 (6.7%) described their family as upper class or upper middle class, 43 (48.3%) as middle class, and 40 (44.9%) as working or lower class. In addition, 28 (31.4%) reported often or sometimes feeling worried that their family's food would run out before getting money to buy more. As expected per the enrollment criteria, women also generally experienced healthy pregnancies, with only 11 (12.4%) women developing one of the major complications of gestational diabetes mellitus, gestational hypertension, or preeclampsia.
Descriptive statistics for the primary variables are presented in Table 2 and Spearman correlations presented in Table 3 . Participants' experiences of childhood stress and stress in adulthood varied widely, with distributions positively skewed for all stress variables. Notably, 36 (40%) participants gave birth as a result of induction of labor or prelabor cesarean section. However, the majority (28/36) of these women reached 39 weeks of pregnancy (i.e., full term) prior to induction of labor/pre-labor cesarean section. Cumulative childhood stress and cumulative stress in adulthood (r s = 0.36, p < 0.01) as well as stress per adult year (r s = 0.42, p < 0.01) showed positive rank order correlations of moderate strength. Some prior work has noted no association between age and maternal cortisol , (e.g., Wikenius et al., 2016) and a positive association between BMI and maternal cortisol (e.g., Berglund et al., 2016) . However, similar to work from Finegood et al. (2016) and Stirrat et al. (2016) , maternal cortisol level was negatively associated with maternal age (r s = −0.26, p = 0.01) and pre-pregnancy BMI (r s = −0.22, p = 0.04) among our participants. Bivariate associations among standardized stress scores (i.e., z-scores) and maternal cortisol level as well as stress z-scores and birth timing are also depicted in Figs. 1 and 2 , respectively.
Cumulative childhood stress and birth timing
Controlling for stress in adulthood (b 2 = −0.002, t(86) = −0.43, p = 0.67), there was a total effect of childhood stress on birth timing without consideration of maternal cortisol level (c = 0.03, t(86) = 2.50, p = 0.01). In applying the derived equation, correcting for the birth timing transformation and holding stress in adulthood to average levels, birth would be expected to occur 2.8 days earlier among women with a score one standard deviation above the mean and 5.8 days earlier among women with a score two standard deviations above the mean as compared to women with childhood stress at the mean. Before proceeding with analyses, we aimed to confirm that the effect of childhood stress and lack of effect of stress in adulthood on birth timing was not driven by differential length of time available to encounter Table 3 Spearman correlations (N = 89). Fig. 1 . Associations among stress z-scores and maternal cortisol level. Greater cumulative childhood stress (r s = 0.27), childhood interpersonal loss-related stress (r s = 0.22), childhood physical danger-related stress (r s = 0.22), and childhood role disruption-related stress (r s = 0.37) were each associated with greater maternal cortisol level per Spearman rank correlation. Note: The interpersonal loss, physical danger, humiliation, entrapment, and role disruption subscale scores are each specific to childhood. *p < 0.05 stressors in childhood (18 years) versus adulthood (1-17 years, depending on maternal age). Controlling for stress in adulthood per year of possible exposure (b 2 = −0.003, t(86) = −0.11, p = 0.91), a total effect of childhood stress on birth timing remained (c = 0.03, t(86) = 2.41, p = 0.02).
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We also examined direct and indirect effects of childhood stress on birth timing to estimate effects of childhood stress on birth timing controlling for as well as through maternal cortisol, respectively (Table 4 ). The direct effect of childhood stress on birth timing, controlling for stress in adulthood, approached but did not reach statistical significance (c' = 0.02, t(85) = 1.86, p = 0.07). The indirect effect of childhood stress on birth timing through maternal cortisol level also failed to meet criteria for significance (ab = 0.006, 95% CI [−0.001, 0.014]).
Childhood stress core characteristic subscales and birth timing
In examining the childhood stress subscales separately, a total effect 1 1 a 1 b 1 c 1 d 1 e 2 3 4 5 6 7 8 9 1 0 1. Cumulative childhood stress 1.00 for interpersonal loss-related childhood stress on birth timing was revealed, again controlling for stress in adulthood and without consideration of maternal cortisol level (c = 0.07, t(86) = 2.02, p = 0.05).
In examining the direct and indirect effects (Table 4) , there was no direct effect of interpersonal loss-related childhood stress on birth timing controlling for stress in adulthood and maternal cortisol level (c' = 0.05, t(85) = 1.56, p = 0.12). However, there was an indirect effect of interpersonal loss-related childhood stress on birth timing through maternal cortisol level, which provides support for maternal cortisol as a biological mediator (ab = 0.02, 95% CI [0.001, 0.045]). The total effect of physical danger-related childhood stress on birth timing approached significance, controlling for stress in adulthood and without consideration of maternal cortisol level (c = 0.06, t(86) = 1.86, p = 0.06). Evaluation of the direct and indirect effects (Table 4 ) revealed no direct effect of physical danger-related childhood stress on birth timing controlling for maternal cortisol level (c' = 0.04, t (85) = 1.35, p = 0.18) but a significant indirect effect of physical danger-related childhood stress on birth timing through the maternal cortisol mediational pathway (ab = 0.02, 95% CI [0.001, 0.043]). In examining the additional childhood stress subscales (i.e., humiliation, entrapment, and role disruption) and controlling for stress in adulthood, there was no evidence of a total effect, direct effect, or indirect effect on birth timing (p values > 0.13).
Sub-group analyses among women giving birth following spontaneous labor onset
Fifty-three (60.0%) participants gave birth following the spontaneous onset of labor processes. We repeated the Hayes process for assessing mediation among this sub-group, again controlling for cumulative stress in adulthood in all analyses. Among these women, there was a total effect of cumulative childhood stress (c = 0.03, t(50) = 2.11, p = 0.04) but not cumulative stress in adulthood (c = −0.004, t(50) = −0.48, p = 0.63) on birth timing. According to the derived equation, spontaneous birth would be expected to occur 3.5 days earlier among women with a score one standard deviation above the mean and 7.5 days earlier among women with a score two standard deviations above the mean as compared to women with a childhood stress score at the mean. There was no direct effect of cumulative childhood stress on birth timing controlling for maternal cortisol level (c' = 0.02, t(49) = 1.38, p = 0.17) but a significant indirect effect of cumulative childhood stress on birth timing through maternal cortisol level (ab = 0.01, 95% CI [0.002, 0.021]), which was not appreciable in the full cohort.
Similar to the full cohort, a total effect (here, marginal) for interpersonal loss-related childhood stress on birth timing (c = 0.08, t(50) = 1.90, p = 0.06) and lack of a direct effect of interpersonal loss-related childhood stress on birth timing (c' = 0.06, t(49) = 1.50, p = 0.14) was noted. However, maternal cortisol was no longer statistically supported as a biological mediator (ab = 0.02, 95% CI [−0.0002, 0.061]). As before, there was no statistically significant total effect (c = 0.06, t(50) = 1.48, p = 0.14) or direct effect (c = 0.03, t (49) = 0.64, p = 0.52) of physical danger-related childhood stress on birth timing but a significant indirect effect through the maternal cortisol mediational pathway (ab = 0.03, 95% CI [0.007, 0.075]). Also congruent with the full cohort, there was no evidence of a total effect, direct effect, or indirect effect of humiliation-or entrapment-related childhood stress on birth timing (p values > 0.48). However, not present in primary analyses but emerging in sub-group analyses was a marginal total effect (c' = 0.08, t(50) = 1.88, p = 0.07) and significant indirect effect (ab = 0.03, 95% CI [0.005, 0.074]) of role disruption- Table 4 Mediation analyses of childhood stress on birth timing through maternal cortisol level (N = 89). related childhood stress on birth timing.
Sensitivity analyses
Through bivariate analyses, maternal age, pre-pregnancy BMI, and sleep quality were identified as potential confounders and assessed alongside hours awake prior to venipuncture and gestational age at venipuncture for inclusion in the final adjusted model. Through the process of augmented backward elimination, with a confounder defined as a variable producing a p value < 0.15 or a change in estimate > 15%, maternal age (p values > 0.33; change in estimates < 3.8%), pre-pregnancy BMI (p values > 0.17; change in estimates < 8.6%), and gestational age at venipuncture (p values > 0.19; change in estimates < 4.1%) did not show evidence of confounding for any model and were removed. Therefore, the final adjusted model controlled for sleep quality and hours awake prior to venipuncture.
Differences in results among the full cohort are as follows: the direct effect of cumulative childhood stress on birth timing progressed from statistically marginal (c' = 0.02, t(85) = 1.86, p = 0.07) to statistically significant (c' = 0.02, t(83) = 2.11, p = 0.04); the total effect of physical danger-related childhood stress on birth timing progressed from statistically marginal (c' = 0.06, t(86) = 1.90, p = 0.06) to statistically significant (c' = 0.06, t(84) = 1.96, p = 0.05); the indirect effect of physical danger-related childhood stress on birth timing fell out of statistical significance (from ab = 0.02, 95% CI [0.001, 0.043] to ab = 0.02, 95% CI [-0.0001, 0.046]). Among the spontaneous labor sub-group, all findings held with the exception of a progression of the total effect of role disruption-related childhood stress on birth timing from statistically marginal (c' = 0.08, t(50) = 1.89, p = 0.07) to statistically significant (c' = 0.10, t(48) = 2.31, p = 0.03).
Discussion
In the present study, we administered the Stress and Adversity Inventory (STRAIN), a computer assisted stress assessment system, to quantify participant exposures to 96 acute and chronic stressors across the life course. As such, we were able to provide data linking a comprehensive estimate of dose and severity of childhood stress to birth timing in adulthood. Findings lend support to a large literature linking various forms of stress and distress to birth timing (e.g., Manuck et al., 2015) and add to a small literature implicating childhood stress in particular (Christiaens et al., 2015; Smith et al., 2016) . We also isolated the effects of childhood stress on adult pregnancy independent of dose and severity of stress in adulthood. Given that childhood stress and stress in adulthood exhibit covariation (Kingston et al., 2012) , which we also witnessed in our sample, this is a critical step toward understanding the independent effects of each in the development of stressrelated PTB.
We also examined five childhood stress core characteristic subscales (i.e., interpersonal loss, physical danger, humiliation, entrapment, and role disruption). Childhood stress is commonly assessed by producing a cumulative score of exposures to a limited set of experiences generally considered traumatic (Kalmakis and Chandler, 2015) . For example, the widely used Adverse Childhood Experiences Study Questionnaire is composed of 17 items assessing personal exposure to or close contact with psychological, physical, sexual, or substance abuse, mental illness, and criminal behavior, with no exposure to any of the assessed traumatic experiences reported among 47.9% of respondents (Felitti et al., 1998) . Our findings suggest that a more nuanced depiction of various childhood stress exposures may be informative. Only 10.1% of our participants reported no childhood stress exposure. Childhood interpersonal loss, including death of a loved one, parental separation, and social isolation, was particularly common (lack of exposure among 25.8%) and, in our sample, had important implications for maternal HPA activity and birth timing. Physical danger-, humiliation-, entrapment-, and role disruption-related childhood stress were less commonly experienced (lack of exposure among 52.8%, 46.1%, 58.4%, and 73.0%, respectively). We were able to detect birth timing effects of physical danger-related stress (e.g., physical and sexual abuse, perceptions of neighborhood danger) and role disruption-related stress (e.g., housing instability, parental mental illness); however, it must be considered that minimal variability may have prevented detection of effects for humiliation-and entrapment-related stress. These findings do lend support to previous work linking, for example, childhood parental death and childhood forced sexual activity to PTB (Selk et al., 2016; Vagero and Rajaleid, 2017) and, to our knowledge, provides new evidence implicating role disruption in expedited spontaneous birth. Overall, these data provide preliminary support of differential health impact of childhood stress dependent upon stressor core characteristic.
Our findings also suggest that childhood stress may promote longterm activation of the HPA axis, including during pregnancy, which is consistent with the finding of an association between childhood trauma and peripheral CRH (Moog et al., 2016) . However, childhood stress has also been linked with differential stress responsivity (e.g., Kuras et al., 2017) during stressful exposures in adulthood. While we controlled for stress in adulthood, it is possible that pregnancy itself serves as a "stressor." This is an interesting concept that may be best addressed through inclusion of non-pregnant comparison groups in future studies. We also provide preliminary support for the accelerated "placental clock" theory, which is consistent with some (Guendelman et al., 2008; Hobel et al., 1999; Hoffman et al., 2016; Mancuso et al., 2004; Moog et al., 2016) , but not all (Himes and Simhan, 2011; Karakash et al., 2016; Kramer et al., 2009; Kramer et al., 2013; Noll et al., 2007; Owen et al., 2017) , prior studies. It may be that inconsistencies are largely related to the considerable variability in the timing, duration, and nature of the stressors assessed. Specifically, in adulthood, as time passes following the first emergence of a stressor, HPA activity tends to rebound to subnormal levels, particularly if the stressor is no longer present (Miller et al., 2007) . However, a growing body of literature supports that robust, repeated, or extended stress exposure during the sensitive period of childhood has enduring neurobiological consequences, including the potential for chronic HPA activation (Shonkoff et al., 2012) . We are among the first to simultaneously model the effects of childhood stress and stress in adulthood on birth timing through the HPA pathway, highlighting the need for replication, ideally through longitudinal work, to determine whether childhood stress is uniquely capable of promoting early birth via this pathway.
Results must also be interpreted in consideration of several important strengths and limitations. First, the STRAIN offers significant advantages over alternative stress measures in terms of the breadth of information gained. However, in comparison to systems such as the LEDS, the instrument is relatively new and estimates of childhood stress and stress in adulthood are dependent upon participant recall. Evidence does suggest that autobiographical memory tends to be quite accurate even following a significant time-lapse, with no difference among traumatized and non-traumatized individuals (Wittekind et al., 2017) . Stress assessment was also standardized to occur during healthy pregnancy to minimize the systematic effect of pregnancy outcome on recall. However, the potential for recall bias cannot be fully excluded. Further, the enrolled sample was primarily of low socioeconomic status, with a number of women reporting significant exposure to stress across the life course. This may have increased our ability to detect effects of childhood stress in a relatively small sample but also impacts generalizability.
In addition, the current study aimed to provide preliminary data regarding the potential of maternal HPA hyperactivity to promote early birth, with plasma cortisol level our chosen marker. However, HPA output can be measured in numerous ways (e.g., CRH, ACTH, plasma cortisol, salivary cortisol, hair cortisol). Markers tend to correlate well during pregnancy (e.g., Glynn et al., 2007; O'Keane et al., 2011) , with each linked to early birth in prior work (i.e., serum and plasma CRH (Guendelman et al., 2008; Hobel et al., 1999; Mancuso et al., 2004; Moog et al., 2016) plasma ACTH (Hobel et al., 1999) , plasma cortisol (Hobel et al., 1999) , diurnal salivary cortisol pattern (Patacchioli et al., 2013) , hair cortisol (Hoffman et al., 2016) ). Given our interest in the peripheral actions of cortisol, use of plasma as opposed to saliva may also be considered a strength given the notable individual variability in passive salivary diffusion and rate of conversion of active cortisol to inactive cortisone by type II 11β-hydroxysteroid dehydrogenase (Perogamvros et al., 2010) . However, it would be informative to assess the full axis in future work. Also, our data relies on cortisol assessed at a single time point. While cortisol rises progressively across pregnancy, the most pronounced rise occurs during the early 2nd trimester, with a relative stabilization across late 2nd and early 3rd trimesters (D' AnnaHernandez et al., 2011; Smy et al., 2016) . With a 28-32 week sampling window, we witnessed a negligible effect of gestational age on plasma cortisol, which may have increased our ability to link individual variation at a single time point to birth timing. In longitudinal studies, various HPA markers in the 2nd and 3rd trimesters provide some predictive power for birth timing (e.g., Hobel et al., 1999; Hoffman et al., 2016) . Additional work is required to determine which HPA markers and at which time points, including potentially the rate of rise, are most useful in risk prediction.
The presented work was also interested in furthering understanding of the effects of stress on birth timing among U.S.-born African American women, a considerable contribution to a literature generally lacking racial stratification. We provide data on generalized risk among the full sample (n = 89), as it is biologically plausible that stress-induced endocrine dysregulation may expedite spontaneous birth as well as medically-indicated birth. We also provide data among the spontaneously-initiated birth sub-group (n = 53), the primary population of interest. However, medically-initiated birth occurred in few women (n = 36) and for varied reasons (e.g., hypertensive disorders, non-reassuring fetal wellbeing, oligohydramnios), prohibiting examination of these individual pathways. As such, our enrollment criteria, which targeted seemingly healthy pregnancy, did increase our ability to observe spontaneously-initiated birth, as the rate of induction of labor/ pre-labor cesarean was 40% in our sample compared to an overall U.S. rate of greater than 50% (Laughon et al., 2012; Zhang et al., 2010) . However, it remains to be determined whether the associations we witnessed in the full sample were driven entirely by spontaneous labor pathways or were also affected by expedited medically-indicated birth. Results, particularly those regarding biological mediation, must be interpreted accordingly.
Finally, multiple comparisons were made among a relatively small sample. The null hypothesis was rejected more frequently than expected by chance; however, the potential for Type I error is noted, highlighting the preliminary nature of this work. The sample size may have resulted in null findings when small effects were indeed present and also prohibited examination of differential effects of childhood stress according to age, which would be informative for future work. Relatedly, in reanalyzing models with sleep quality and hours awake prior to venipuncture included as covariates, the indirect effect of physical danger-related childhood stress on birth timing through maternal cortisol level fell slightly out of significance. It is difficult to determine whether this change is indicative of confounding or diminished power. Replication in a larger sample would, of course, help to address this question. The potential role of poor sleep quality, in particular, in the development of stress-related PTB would also be an interesting avenue of further inquiry. In our sample, poor sleep quality was not associated with greater childhood stress but was associated with greater stress in adulthood as well as birth timing.
Taken together, the current study and a building literature suggest that childhood stress, particularly related to interpersonal loss, physical danger, and role disruption, may be capable of leaving a lasting imprint on stress response systems, including the HPA axis. Further, effects may occur independent of stress in adulthood and, during pregnancy, HPA hyperactivity may be a notable biological mediator in the development Psychoneuroendocrinology 84 (2017) [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] of childhood stress-related PTB. This holds significant clinical implications. First, while maternal stress assessment is considered an important component of prenatal care, recommendations for screening cover only intimate partner violence and maternal depression (American College of Obstetricians and Gynecologists, 2010; Moyer and U.S. Preventive Services Task Force, 2013). While important, this approach may only be scratching the surface in terms of identifying women at risk for stress-related PTB. Further, among women screening positive using these limited methods, intervention focuses only on alleviating the current situation or symptoms, with no attention paid to correcting the biological systems that may be driving the development of stress-related PTB. The development of screening tools that account for the critical nuances in stress-related PTB risk prediction and identify the biological mediators that must be targeted in the prevention of stress-related PTB would help to usher in a new era of precision prenatal care, which is critically needed.
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